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Molluscum contagiosum virus (MCV) is a human poxvirus that produces small, benign skin tumors primarily in young
children and encodes proteins that modulate the host immune response. The MC51L, MC53L, and MC54L open reading
frames of MCV have significant amino acid sequence similarities and related proteins are encoded by other poxviruses.
These three MCV genes were individually expressed in mammalian cells as glycosylated and secreted proteins. A database
search detected partial sequences of homologous human and mouse cDNAs; determination of the complete sequences
confirmed the homology and indicated potential signal peptides and N-glycosylation sites as well as a pattern of cysteines
that are conserved in the viral proteins. The human gene, which was mapped to chromosome 11q13, was highly expressed
in spleen and lymph nodes, suggesting an immune modulatory role. The latter finding is consistent with a recent report
(Novick et al., 1999, Immunity 10, 127–136) that the human protein binds IL-18, suggesting an anti-inflammatory role for the
poxvirus homologs.n
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NCharacteristics of molluscum contagiosum virus. Mol-
uscum contagiosum virus (MCV) is a human poxvirus
ith a worldwide distribution that causes small papular
kin lesions in children and young adults and a more
xtensive and essentially untreatable disease in patients
ith immunodeficiencies including AIDS (8). Commonly,
he virus-filled skin lesions persist for many months with-
ut signs of inflammation even in immunocompetent
ndividuals (9). Analysis of the MCV genome revealed
pproximately 180 genes of which the majority are or-
hologs of genes known to be essential for the replica-
ion of other poxviruses. Nevertheless, there are 77
enes that are not present in other poxviruses and which
ight contribute to evasion of the host immune response
15, 16). These included viral homologs of cellular che-
okines (6, 12), major histocompatibility complex class I
olecules (17), selenocysteine-containing glutathione
eroxidases (18), and death effector domain proteins (2,
0, 20). Most of the unique MCV genes, however, have no
ukaryotic homologs and their functions remain un-
nown. We have focused on those MCV proteins that are
redicted to be secreted because secreted proteins of
ther poxviruses were found to be involved in host inter-
ctions (1, 11, 13). In this respect, Senkevich et al. (16)
oted a family of three sequence-related MCV genes—
1 To whom correspondence and reprint requests should be ad-
ressed. Fax: (301) 480-1147. E-mail: bmoss@nih.gov.297amely MC51L, MC53L, and MC54L—that could encode
roteins with a putative signal peptide and a pattern of
onserved cysteines. Here, we show that the proteins
ncoded by this gene family are glycosylated and se-
reted. In addition, human and mouse homologs of this
CV gene family were identified and sequenced.
MC51L–53L–54L proteins are glycosylated and se-
reted. Because MCV genes are normally transcribed in
he cytoplasm, a poxvirus system was used for expres-
ion of MC51L, MC53L, and MC54L. The MCV open
eading frames were amplified by polymerase chain re-
ction (PCR) with primers that appended the coding
equence of a 9-amino-acid epitope tag from the influ-
nza virus hemagglutinin to the carboxyl ends. Each PCR
roduct was then cloned into the thymidine kinase site
nder control of a strong early/late promoter in a vaccinia
irus transfer vector (4). Recombinant vaccinia viruses
ere produced from a highly attenuated vaccinia virus
train with deleted growth factor genes (3).
Expression of the MCV proteins was demonstrated by
estern blotting of lysates of BS-C-1 cells that had been
nfected with the recombinant vaccinia viruses (Fig. 1A).
he mobilities of the MC51L, MC53L, and MC54L pro-
eins were considerably slower than expected from their
espective masses of 13.4, 14.8, and 25.2 kDa. These
ifferences were due to carbohydrate as the predicted
asses were obtained after digestion with glycosidases
Fig. 1A). MC51L and MC53L each have three potential
-glycosylation sites, whereas MC54L has seven. The0042-6822/99
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298 RAPID COMMUNICATIONolecular weight differences between the undigested
nd digested proteins showed that at least three of the
ites were used, assuming that each carbohydrate chain
dded 2 to 4 kDa to the mass of the protein. Analysis of
he medium of infected cells indicated that all three
roteins were secreted (Fig. 1B). The cell-associated
orm of the MC54L protein was partially resolved into two
pecies of which the upper corresponded to the se-
reted form (Fig. 1B). This is more clearly seen in Fig. 1C,
hich also shows that the secreted and the slower
ell-associated bands are endoglycosidase H-resistant,
hereas the faster intracellular band is sensitive. En-
oglycosidase H resistance occurs during terminal car-
ohydrate modifications in the Golgi apparatus.
Human and mouse MC51L–53L–54L homologs. At the
ime the MCV genome was sequenced, no nonpoxvirus
omologs of the MC51L–53L–54L family had been iden-
ified by computer searches (15, 16). A new search of
ranslated expressed sequence tags (EST), however, re-
ealed one (Accession No. AA311795) that had a striking
imilarity to these MCV proteins with 18 consecutive
mino acids identical to MC54L. This EST was derived
rom a single-pass sequencing of the 59 end of a human
urkat T cell cDNA (EST182531). An overlapping EST
Accession No. AA297872) derived from another cDNA
EST113437) in a different Jurkat T cell cDNA library was
lso found. Because neither EST contained a stop codon
nd each had ambiguous bases, the two cDNAs were
cquired and both strands of each were sequenced. The
equences of EST182531 and EST113437 were identical
xcept that the former lacked the first 202 bases of the
atter. The longest ORF from EST113437 contained 194
mino acids (Fig. 2A). The database search also re-
FIG. 1. MC51L, MC53L, and MC54L proteins are glycosylated and sec
iruses expressing the MCV ORFs indicated above the lanes. Infected
r treated (1) with endoglycosidase H (Endo-H) or endoglycosidase
ricine–SDS–10–20% gradient polyacrylamide gel, transferred to a nitro
pitope tag. The presence of the recombinant MCV proteins was detec
hown on the left. (B) BS-C-1 cells were infected as in A except that se
he medium and cell lysates were analyzed by Western blotting as in A
he MC54L ORF as in B and the medium and cell lysates were treatedealed a mouse EST (Accession No. AA980066) that was
omologous to MC54L. As the EST included only a small
art of the ORF, further database searches were made
sing the mouse sequences and four additional overlap-
ing ESTs were located. The EST containing the longest
9 end sequence (Accession No. AA498857) was derived
rom a cDNA (IMAGE ID 918771) in a mouse whole skin
DNA library. The mouse cDNA was obtained and com-
letely sequenced. The sequencing corrected a frame-
hifting error in the original sequence and extended it
rom 447 to more than 1400 bp. The mouse cDNA also
ontained an ORF of 194 amino acids (Fig. 2B). An align-
ent of the human and mouse ORFs indicated 70%
mino acid identity. There was little sequence similarity
utside of the ORFs, suggesting that the complete ORF
as contained in both human and mouse cDNAs. Both
he human and the mouse ORFs were predicted to con-
ain a signal peptide and four N-glycosylation sites.
A multiple alignment of the mouse, human, three MCV,
nd two additional poxvirus ORFs is shown in Fig. 3. In
ddition to the overall amino acid sequence similarities,
he mammalian and MCV proteins have predicted signal
eptides, conserved N-glycosylation sites, and three
onserved cysteines including one with a CXXC motif. In
ddition, several orthopoxvirus proteins (D7L of variola
irus, the 16-kDa ORF of ectromelia virus, D8L of cowpox
irus, the 13.7-kDa ORF of the MVA strain of vaccinia
irus, and the 7.8-kDa interrupted ORF of the WR strain of
accinia virus) belong to this family, as was noted previ-
usly (16). The orthopoxvirus proteins are very closely
elated and therefore only the cowpox ORF is shown in
he alignment (Fig. 3). Swinepox virus, a member of the
uipoxvirus genus, also contains a homologous protein
(A) BS-C-1 cells were infected overnight with the recombinant vaccinia
ere dislodged, lysed, and divided into aliquots that were untreated (2)
peptide-N-glycosidase F (PNG). The samples were separated on a
e membrane, and probed with a monoclonal antibody against the HA
chemiluminescence. The positions and masses in kDa of markers are
e medium was used during the overnight incubation. The proteins in
-C-1 cells were infected with a recombinant vaccinia virus expressing
lycosidases as in A.reted.
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299RAPID COMMUNICATIONFig. 3). A limited but not statistically significant similarity
etween the proteins of this family and some immuno-
lobulin domains suggests that they may possess an
mmunoglobulin fold.
Chromosomal location of the human gene encoding
he MC51L–53L–54L homolog. A search of the human
enome Survey Sequence database (dbGSS) revealed a
artially sequenced human BAC clone that contained
ore than 100 nucleotides that corresponded to the
DNA of the human MC51L–53L–54L homolog. The BAC
lone 2168A3 was from a library that contains an average
f 150 kbp of the human chromosome. The clone was
cquired and sequenced using primers derived from the
DNA sequence of the human homolog. The sequencing
onfirmed the presence of the human homolog in this
AC clone and indicated that the gene contained at least
FIG. 2. Sequence of human and mouse homologs of MC54L. (A) The h
ype Tissue Collection and sequenced. The sequence has been depo
elow the DNA sequence. The predicted signal peptide is underlined, a
ines indicate splice junctions determined by genome sequencing. Ad
ouse cDNA clone (IMAGE ID 918771) was obtained from Research G
Accession No. AF122907). The nucleotide sequence, translated ORF,ive exons (Fig. 2A). The four introns between the five
xons were sequenced, and they all contained consen-
us GU and AG dinucleotides at their 59 and 39 ends,
espectively. In a large-scale mapping project, 10,000
uman cDNA markers were hybridized to the human
AC library (http://www.tree.caltech.edu). Twenty gene
arkers were reported positive for the 2168A3 clone but
hey were from six different chromosomes, presumably
ecause of anomalous cross-hybridizations. Two prim-
rs for each of 6 chromosome-specific gene markers
ere synthesized and used for sequencing the 2168A3
lone. The presence of the gene marker (Accession No.
06534) derived from human folate receptor gamma
recursor was confirmed by sequencing, while the other
gene markers tested negative. Therefore, the human
C151L–153L–154L homolog was located within about
DNA clone used to derive EST113437 was obtained from the American
ith GenBank (Accession No. AF122906). The translation of the ORF is
ntial N-glycosylation sites are underlined and in boldface type. Vertical
splice junctions near the 59 of the cDNA were not excluded. (B) The
s and sequenced. The sequence has been deposited with GenBank
eptide, and N-glycosylation motifs are shown as in A.uman c
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300 RAPID COMMUNICATION50 kbp of the folate receptor gamma precursor, which
as been mapped to chromosome 11q13.4 to 11q13.5.
Tissue expression of human and mouse homologs of
C51L–53L–54L. To obtain clues as to the function of the
uman and mouse MCV homologs, their tissue expres-
ion was determined by RNA dot and Northern blotting
sing radioactive probes derived from the cDNAs. An
nitial screening using poly(A)1 RNA dots from 50 human
issues revealed that the human homolog was most
ighly expressed in spleen followed by lymph nodes
data not shown). Northern blotting confirmed that the
uman gene was most highly expressed in spleen and to
lesser extent in several other tissues (Figs. 4A and 4B).
he size of the human and murine RNAs was similar and
onsistent with the size of the cDNAs (Fig. 4). Splenic
xpression was relatively less prominent in mouse tis-
ue than in human tissue (Fig. 4C).
Implications. Poxviruses encode numerous secreted
roteins that interfere with host immune responses (1, 11,
3). In this respect, MCV is of particular interest because
t produces benign skin tumors containing virus particles
hat persist for a long period without signs of inflamma-
ion and it is the only poxvirus specific for humans since
mallpox was eradicated. The secreted chemokine ho-
FIG. 3. Multiple alignment of mouse, human, MCV, swinepox, and
lustalW program in the MacVector package. Amino acids that are iden
ight shading indicates amino acids that are identical or similar, respeolog, encoded by MC148R, inhibits chemotaxis in-
uced by both CC and CXC chemokines, indicating that
t contributes to the inhibition of the inflammatory re-
ponse (6, 12). Our finding that MC51L, MC53L, and
C54L are also secreted suggests that they may have a
elated immune evasion function. The finding of human
nd mouse homologs of these MCV proteins is likely to
rovide an important clue as to their role in the persis-
ence of virus infection. Indeed, while preparing this
rticle, we learned of a paper by Novick et al. (14) de-
cribing secreted human and mouse proteins that bind
L-18 and inhibit its function. The cDNAs that encode the
L-18 binding proteins were found following peptide se-
uencing (14) and corresponded to those discovered in
he present study because of their homology to MC51L–
3L–54L. IL-18, formerly known as interferon-g-inducing
actor, is required for activation of NK cells and the
nduction of a Th1 response (19). If MC51L, MC53L, or
C54L has IL-18 inhibitory activity, as the sequence
omology would suggest, this could provide an impor-
ant defense against both innate and acquired immune
esponses to MCV infection. However, since the three
CV proteins are divergent in sequence it seems likely
hat they or the more distantly related orthopoxvirus and
x homologs. The protein multiple alignment was performed with the
r similar in four or more of the seven proteins are boxed. The dark andcowpo
tical o
ctively.
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301RAPID COMMUNICATIONwinepox virus proteins may have acquired additional
unctions. Experiments to test cytokine binding proper-
ies of these poxvirus proteins are under way.
Methods employed. Recombinant vaccinia viruses ex-
ressing MC51L, MC53L, and MC54L were made in
ccordance with a published protocol (7). Viral genes
ere PCR amplified with a primer that appended the
oding sequence for a 9-amino-acid HA epitope tag
YPYDVPDYA) to the C-terminus of each viral ORF. The
CR products were subcloned into the multiple cloning
ite of pMC02 (4) and the resulting plasmids were trans-
ected into BS-C-1 cells that were infected with vSC20
5). The recombinant viruses were selected for loss of the
K gene and screened for the synthesis of b-glucuroni-
ase.
For Western blot analysis, BS-C-1 cells in one well of a
-well plate were infected with the recombinant vaccinia
irus at a multiplicity of 10. Six hours after infection, the
edium was replaced with serum-free medium and the
nfection was continued for an additional 10 h. The me-
ium was collected and centrifuged at 15,000 g for 10
in to remove any suspended cells. Proteins in the
upernatant were concentrated by precipitation with 10%
richloroacetic acid. The cells were dislodged and lysed
ith 1% Triton X-100 and 1% sodium deoxycholate. The
roteins from both the medium and the cell lysates were
ntreated or digested with endoglycosidase-F and pep-
ide-N-glycosidase F (Oxford GlycoSciences, Inc., Wake-
ield, MA) or endoglycosidase H (Boehringer Mannheim)
nd then analyzed on a Tricine–SDS–10–20% polyacryl-
FIG. 4. Tissue-specific expression of the human and mouse MCV hom
he 39 end of the human cDNA clone (EST113437) was hybridized to a
f the blot is shown along with the indicated size markers. The blot w
he segment containing the actin mRNA band is shown below. The faste
plicing. The two-letter codes above each lane indicate the tissue sour
mall intestine; CO, colon (mucosal lining); PE, peripheral blood leukocy
nd LU, lung. (C) A 32P-labeled probe derived from an 857-bp fragmen
repared and hybridized to a Northern blot containing poly(A)1 RNAsmide gradient gel (Owl Separation Systems, Ports-
outh, NH). Monoclonal antibody HA.11 (Berkeley Anti-
ody Co., Richmond, CA), which recognized the HA tag,
as used as the primary antibody for the Western blot
nalysis.
Human and mouse homologs of MC54L were found by
earching the dbEST database at NCBI using the
BLASTN program. The partial genomic clone of the
uman homolog was found by searching the dbGSS
atabase with the BLASTN program. The human
ST113437 cDNA clone was obtained from the American
ype Culture Collection. The BAC 2168A3 clone and the
ouse EST918771 cDNA clone were from Research Ge-
etics. Sequencing was performed with an ABI 310 Ge-
etic Analyzer (Perkin–Elmer) and each nucleotide was
equenced at least twice. The human and mouse cDNA
equences and the human genome sequence were de-
osited with GenBank and given Accession Nos.
F122906, AF122907, and AF122908, respectively. A mul-
iple alignment of the ORFs was made with the ClustalW
rogram in the MacVector package. Signal peptides and
-glycosylation sites were predicted with the SignalP
nd ScanProsite programs, respectively.
For Northern blot analysis, human and mouse multiple
issue blots were purchased from Clontech (Palo Alto,
A). The blots were hybridized in accordance with in-
tructions of the manufacturer. A 553-bp fragment from
he 39 end of human EST113437 cDNA was isolated after
estriction endonuclease digestion and then used as a
emplate in a random-primed labeling reaction with
(A, B) A 32P-labeled probe derived from the 553-bp fragment comprising
rn blot prepared from poly(A)1 RNAs from human tissues. The image
equently probed with radioactively labeled human b-actin cDNA and
) and slower (2.0 kb) migrating actin mRNAs are due to tissue-specific
e RNA: SP, spleen; TH, thymus; PR, prostate; TE, testis; OV, ovary; SM,
, brain; HE, heart; SK, skeletal muscle; KI, kidney; LI, liver; PL, placenta;
rising the 39 end of the mouse cDNA clone (IMAGE ID 918771) was
ouse tissues. Abbreviations as in A and B.ologs.
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302 RAPID COMMUNICATIONa- P]dCTP. The radiolabeled probe was purified with a
ephadex G-50 column and hybridized to the human
issue blots. Probes for the mouse homolog were made
n the same way with an 857-bp fragment from the 39 end
f the mouse EST 918771 cDNA.
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